






































一方､ 近年､ 腸管における水の移動に､ 水チャネルで
あるアクアポリン (aquaporins; AQPs) が関与してい
ることが明らかになってきた｡ AQPsはヒトにおいて､
様々な臓器に発現しており､ 現在 AQP0 から AQP12
までの 13種類の AQPsが同定されている｡ 腸管にも多
数の AQPsが発現しており､ 特に､ 大腸粘膜上皮細胞
においては､ AQP3が優位に発現している｡ 我々はこれ
までに､ 大腸の AQP3の機能や発現が低下すると､ 腸
管側から血管側への水の吸収が抑制され､ 下痢が発症す
ることを明らかにした6-9)｡ この知見は､ 大腸の AQP3
が便の水分調節に重要な役割を担っていることを示すも
のである｡











排便総重量も著明に低下した (Fig. 1Aおよび 1B)｡ ま
た､ モルヒネ投与後の糞中水分量は､ 投与 1時間後か
ら低下し始め､ 投与 5時間後ではコントロール群 (0 h)







モルヒネ投与 1時間後から有意に増加し､ 投与 5時間
後においても､ 投与前と比べて約 2倍高い値を示して
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いた (Fig. 2A)｡ 次に､ 摘出した大腸から細胞膜を豊
富に含む PM (plasma membrane) 画分､ 小胞体膜を
豊富に含む IV (intracellular vesicle) 画分およびこれ
らを合わせた細胞全体の膜を含む CM (crude mem-
brane) 画分を調製し､ それぞれの画分における AQP3
の発現量を解析した｡ 大腸 CM画分における AQP3の
タンパク質発現量は､ モルヒネ投与 1時間後から約 2
倍増加し､ この増加は投与 5時間後まで持続していた
(Fig. 2B)｡ また､ 大腸 PM画分および IV画分におけ
る AQP3のタンパク質発現量についても､ CM画分と









塩化水銀 (HgCl2) などの水銀化合物は in vitro試験
において､ AQP3の水の透過機能を阻害することが報告
されている10, 11)｡ また､ 我々はこれまでに､ AQP3の水





いるかどうかを HgCl2 を用いて調べた｡ 具体的には､
モルヒネ投与 30分後のラットにHgCl2を直腸内投与し､
モルヒネ投与直後から 1.5時間後までの便秘の程度を調
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Fig. 1. Effects of morphine on the constipation score
and fecal water content
Rat fecal samples were collected for up to 12 h after mor-
phine administration. The number of fecal pellets (A), the
weight of pellets (B), and the fecal water content (C) were
measured. The mean fecal water content immediately
after administration (0 h) was indicated as 100％. Data
represent means ± SDs for six rats. Student’s t-test or
Dunnett’s test: *p<0.05, **p<0.01, and ***p<0.001 vs.
Control or 0 h.
Fig. 2. Effect of morphine on AQP3 expression level
in rat colon
Rat colons were harvested for up to 12 h, beginning im-
mediately after morphine administration.
A : The mRNA expression levels of AQP3 were measured
using real-time RT-PCR, and normalized to 18S rRNA.
B-D : The CM (B), PM (C), and IV (D) fractions were pre-
pared, and the protein expression levels of AQP3 were
analyzed using western blotting.
Mean levels of AQP3 mRNA and protein expression im-
mediately after administration (0 h) were indicated as
100％. Data represent means ± SDs for six rats. Dunnet
t’s test: *p<0.05, **p<0.01, and ***p<0.001 vs. 0 h.
Fig. 3. The distribution of AQP3 in rat colon after
morphine administration
Rat colons were removed 5 h after water (control) or mor-
phine administration.
A : AQP3 (green) and nuclei (blue) were immunostained.








UGT (UDP-glucuronosyltransferase) によって､ 鎮痛
作 用 を ほ と ん ど 持 た な い M-3-G (morphine-3-






















るかどうかを in vitro試験で調べた｡ HT-29細胞にセ
ロトニンを添加したところ､ 1μM以上の濃度で AQP3
のmRNA発現量が増加することがわかった (Fig. 6A)｡
また､ このセロトニンによる AQP3の発現増加は､ 添
加 1時間後が最も高く､ 6時間後においては､ 添加前と
ほぼ同レベルまで戻っていた (Fig. 6B)｡ このセロト
ニンによる AQP3のmRNAの変化は､ モルヒネ投与後
のAQP3の発現変化 (Fig. 2A) と類似していた｡
消化管には､ 体内のセロトニンの約 95%が存在して
おり､ その合成や貯蔵､ 分泌は腸内分泌細胞である EC
細胞が主役を担っている｡ 一般に EC細胞は､ セロトニ
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Fig. 5. Effects of morphine and M-3-G on AQP3
mRNA expression in HT-29 cells
HT-29 cells were treated with morphine (A) or M-3-G (B)
for 3 h. AQP3 mRNA expression levels were measured
using real-time RT-PCR, normalized to the GAPDH, and
presented with the mean of the control cells set to 100％.
AQP3 mRNA expression levels of the control cells did not
change 3 h post-treatment with original growth medium.
The data represent the means ± SDs for five experiments.
Fig. 6. Effect of 5-HT on AQP3 mRNA expression in
HT-29 cells
HT-29 cells were treated with 5-HT (0-10μM) for 1 h (A).
HT-29 cells were treated with 5-HT (1μM) for up to 6 h
(B). The expression level of AQP3 mRNA was measured
using real-time PCR, normalized to the GAPDH, and then
presented with the mean of the control cells set to 100％.
AQP3 mRNA expression levels of the control cells did not
change 6 h post-treatment with original growth medium.
The data represent the means ± SDs for five experiments.
Dunnett’s test: **p<0.01 and ***p<0.001 vs. 0μM or 0 h.
Fig. 4. Changes in the morphine-induced constipa-
tion score by HgCl2 administration
HgCl2 or saline was administered intrarectally to rats 30
min after treatment with oral morphine. The number (A)
and the weight (B) of fecal pellets were measured. The
data represent the means ± SDs for five rats. Tukey’s





















受容体アンタゴニスト (5-HT2 ; ketanserin､ 5-HT3; Y-
25130､ 5-HT4 ; RS39604) を前処置しても､ セロトニ
ンによる AQP3の発現増加には影響を及ぼさないこと
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Fig. 8. Effects of 5-HT receptor or SERT inhibitor
on AQP3 mRNA and PPARγ expression in HT-
29 cells
A: HT-29 cells were treated with ketanserin (5-HT2 recep-
tor antagonist), Y-25130 (5-HT3 receptor antagonist), or
RS39604 (5-HT4 receptor antagonist) for 1 h and then
with 5-HT (1μM) for an additional 1 h. AQP3 mRNA ex-
pression levels were measured using real-time RT-PCR
and normalized to GAPDH.
B : HT-29 cells were treated with fluoxetine (SERT inhibi-
tor) for 1 h and 5-HT (1μM) for an additional 1 h. AQP3
mRNA expression levels were measured using real-time
RT-PCR and normalized to GAPDH.
C : PPARγ protein expression levels in nuclei were meas-
ured using western blotting and normalized to Lamin B
levels.
AQP3 and PPARγ expression levels were presented with
the means of the control cells set to 100％. The data rep-
resent the means ± SDs for five experiments. Tukey’s
test : *p<0.05 and ***p<0.001 vs. Control. †p<0.05 and
†††p<0.001 vs. 5-HT.
Fig. 7. The distribution of 5-HT-positive EC cells in
rat colon after morphine administration
Rat colons were removed 1 h after water (control) or mor-
phine administration. 5-HT-positive EC cells (green) and
nuclei (blue) were immunostained.
することがわかった｡ しかしながら､ この増加値はコン
トロール群よりも低値であった (Fig. 9Aおよび 9B)｡
一方､ モルヒネ投与により 2倍増加した大腸 PM画分
の AQP3のタンパク質発現量は､ フルオキセチンの併
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Fig. 10. The mechanism of morphine-induced consti-
pation via AQP3 in rat colon
Fig. 9. Changes in the morphine-induced constipa-
tion score and the colon AQP3 protein expres-
sion by fluoxetine administration
Saline or fluoxetine was administered intraperitoneally to
rats 15 min after oral water or morphine administration.
The number of fecal pallets (A) and the weight of pellets
(B) were measured for up to 5 h after morphine admini-
stration. The colon was removed 5 h after morphine ad-
ministration. AQP3 protein expression levels in the PM
fraction were measured using western blotting (C). AQP3
protein expression levels were presented with the means
of the control group as 100%. The data represent the
means ± SDs for five rats. Tukey’s test: *p<0.05,
**p<0.01, and ***p<0.001 vs. Control. ††p<0.01 and
†††p<0.001 vs. Morphine.
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Aquaporin-3 (AQP3) is a water channel that is predominantly expressed in the colon, where it plays a critical role
in the regulation of fecal water content. This study investigated the role of AQP3 in the colon in morphine-induced con-
stipation. AQP3 expression levels in rat colon were increased during morphine-induced constipation. The combination of
HgCl2 and morphine improved morphine-induced constipation. Treatment with 5-HT in HT-29 cells significantly increased
the AQP3 expression level and the nuclear translocation of peroxisome proliferator-activated receptor gamma (PPARγ)
1 h after treatment. Pretreatment with fluoxetine significantly suppressed these increases. Fluoxetine pretreatment sup-
pressed the development of morphine-induced constipation and the associated increase in AQP3 expression in the colon.
The results suggest that morphine increases the AQP3 expression level in the colon, which promotes water absorption
from the luminal side to the vascular side and causes constipation. This study also showed that morphine-induced 5-HT
secreted from the colon was taken into cells by SERT and activated PPARγ, which subsequently increased AQP3 expres-
sion levels.
